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The latter process is very slow, as the driving force is a surface anchoring of n at the bounding plates. The time of director reorientation is determined by the ratio of the viscous and elastic coefficients of the NLC, which yields a response time on the scale of milliseconds and above.
Many research groups have explored ways to reduce the switching time to the millisecond or sub-millisecond range by optimizing the dielectric and viscoelastic parameter of NLCs, using dual frequency NLCs [5] [6] [7] , introducing polymer-layer-free alignment [8] , and designing the spatial configuration of electric fields [9] . Still, the response time of the typical nematic-based electro-optic devices in which the electric field realigns the director n , is rarely reaching the scale of 100 µs or less.
Recently, an alternative approach to electro-optic switching of NLCs has been proposed [10] [11] [12] . In this approach, the electric field modifies the degree of molecular order but does not realign n . The effect, called the nanosecond electrically modified order parameter (NEMOP), has been demonstrated for NLCs with a negative dielectric anisotropy [10] [11] [12] . In these materials, with a typical 10    − , the field-induced birefringence, n  , is about 0.02 for an applied electric field on the order of 10 8 V/m, while the switching speed is tens of nanoseconds.
The current challenge is to reduce the driving field as compared to the NEMOP effect, while enhancing the birefringence change and making the response time significantly shorter than in the conventional Frederiks effect. In this work, we demonstrate that by using an NLC composition abbreviated as GPDA200 (Merck KGaA), with a giant positive dielectric
, one can achieve a significant birefringence change of 0.04 at the applied field 
where j shows how many times the transmitted light intensity oscillates between the maximum intensity max I and the minimum intensity min I , I is the transmitted intensity in absence of the field, Fig.1(a) . For dielectric measurements, we used an LCR meter (HP4284A) and home- 
where λ is the wavelength of the laser beam and d is the thickness of the cell, Fig. 2(c) . Note that Eq.(3) corrects the misprint in the corresponding equation in Ref. [13] . The switching-on 3(e), and an increase with T, Fig. 3(f) .
The field-induced birefringence n  in the MEMOP effect in GPDA200 is significant and is achieved at electric fields that are by an order of magnitude lower than those reported previously for NEMOP in NLCs with a negative dielectric anisotropy [10] [11] [12] . For example, in the previously studied HNG715600-100 ( 12
was achieved under the applied field 170 V/μm E = [12] , while the same n  in GPDA200 is achieved already at E= (11-33) V/μm, depending on the temperature, Fig. 3(e) .
The field-induced birefringence in materials with positive dielectric anisotropy is caused by the quenching of the director fluctuations [14] and modification of the uniaxial order parameter [11] . The modification of the uniaxial order parameter is proportional to the square of the field [11] . Quenching of the director fluctuations by the electric field is a well-known phenomenon associated with the anisotropy of the liquid crystals. For example, as shown by Dunmur et al,
an electric field applied to a nematic with a positive dielectric anisotropy, tends to align the director parallel to itself and thus suppresses the director fluctuations [15] . Within the studied range of the applied electric fields, GPDA200 shows that the field-induced birefringence n  grows linearly with the electric field, Fig. 3(e) . The linear dependency indicates that the contribution to n  from the director fluctuations quenching by the electric field dominates over the contribution from the enhanced uniaxial order parameter. This result could be explained by the fact that the weaker field ( ( ) ( ) [15] , which is at least 10 times weaker than Δε of our material. Furthermore, in Ref. [15] , the maximum applied electric field was 5 V/µm, which is about one order of magnitude smaller than the fields used in our experiments. Because of these large differences in the field and dielectric anisotropies, the data of Ref. [15] should be compared to the low-end of the field interval in Fig.3(e) . A careful analysis demonstrate that in Ref. Furthermore, the director fluctuations, especially those with the small wave vector, should exhibit a somewhat slower relaxation. Using Eq. (4), we obtain the temperature dependence of the effective elastic constant eff K , which has a similar temperature dependence as 1 K which we have measured directly using the splay Frederiks transition in a planar cell [1, 16, 17 ], see the rise time of the applied field is close to (or smaller than) the dielectric relaxation time [18, 19] . This is so-called dielectric memory effect. At the low temperature, Debye relaxation is slower than the rise of the applied voltage, Fig. 1(b) . Thus, we attribute the low temperature increase of on  with the temperature dependency of the Debye relaxation time D  , Fig. 1(b) ,
and an associated memory effect in the field-induced polarization of the NLC. Figures 1(b) and
1(c) demonstrate that the Debye relaxation time is smaller than the pulse duration and therefore the memory effect [19] does not change the amplitude of electro-optical response.
Since the MEMOP response time ~10 μs is significantly shorter than that of the response time of the conventional electro-optic Frederiks transition, the resulting figure of merit 
IV. CONCLUSIONS
We demonstrated a MEMOP effect, a microsecond electro-optical response in the nematic material GPDA200 with an extraordinary high dielectric anisotropy 200    + . The effect is mainly caused by the quenching of director fluctuations in the electric field that is applied parallel to the director. The field-induced birefringence in the range 0.01-0.04 is produced by electric fields on the order of 7 10 V/μm . The described MEMOP effect yields the FoM one or two orders of magnitude higher than the conventional Frederiks effect. It is also of interest to compare the described MEMOP effect to the NEMOP effect observed in nematics with 0   [10] [11] [12] . As compared to NEMOP, the MEMOP effect requires electric fields that are one order of magnitude lower to achieve a similar field-induced birefringence [12] . 
